Introduction
The global prevalence of chronic kidney disease (CKD) is 8-16%. [1] Anemia is a major complication of CKD. The major cause of anemia in CKD is erythropoietin (EPO) deficiency. [2, 3] Thus, anemia management in CKD patients currently revolves around the use of erythropoiesis-stimulating agent (ESA) and supplement iron. [3] However, hyporesponsiveness and resistance Indian Journal of Nephrology Jan 2017 / Vol 27 / Issue 1 iron concentration by inhibiting iron export by ferroportin from enterocytes and macrophages. [9] Hence, increased hepcidin production leads to decrease in plasma iron concentration and to iron-restricted erythropoiesis. [10] Hepcidin expression is upregulated by inflammation [11] and iron loading [12] and downregulated by erythropoietic activity. [10, 13] Studies of humans with chronic infection and severe inflammatory disease have shown markedly elevated levels of hepcidin, strongly suggesting that hepcidin level plays a key role in the anemia of inflammation and reticuloendothelial blockade. [11] Researchers have in recent past tried to look into factors influencing hepcidin and its association with hemoglobin (Hb) in CKD. [7, 14] 
Subjects and Methods
We did a hospital-based cross-sectional observational study conducted at Vardhaman Mahavir Medical College and Safdarjung Hospital, New Delhi. Study was conducted on 100 adult CKD patients attending the department of internal medicine and nephrology of VMMC and Safdarjung Hospital. Patients >18 years both male and female with diagnosis of nondialysis-dependent CKD (stage 3-5) with anemia were included. Whereas patients on renal replacement therapy (hemodialysis, peritoneal dialysis, and kidney transplant), parenteral iron therapy within preceding 6 months, EPO therapy in preceding 2 weeks, with evidence of active bleeding or evidence of active infection, who have received blood transfusion within past 6 months, with previously diagnosed case of nonrenal causes of anemia except iron deficiency anemia and prediagnosed comorbidities such as malignancy, end-stage liver disease, and collagen vascular disease (systemic lupus erythematosus and rheumatoid arthritis) were excluded from our study. Furthermore, 30 age-sex-matched healthy adults were taken up for a study to determine serum hepcidin levels in adult Indian population.
A written informed consent and Institution's Ethics Committee clearance was obtained before recruitment of the participants for the study. All the participants were subjected to detailed history, thorough physical examination and investigation. Laboratory investigation included complete blood count with peripheral smear, absolute reticulocyte count, serum iron profile, serum B12 and folic acid, serum EPO level, serum hepcidin, high-sensitivity C-reactive protein (hsCRP), kidney function test, liver function test, plasma glucose, and HbA1c. Diagnosis and staging of CKD were done as per National Kidney Foundation/Kidney Disease Outcome Quality Initiative (NKF/KDOQI) 2002 [15] classification criteria and estimated glomerular filtration rate (eGFR) was calculated using 4-variable modification of diet in renal diseases equation. Anemia in CKD was defined as Hb <13 g/dl in males and <12 g/dl in females as per KDIGO 2012 [16] clinical practice guidelines. The blood sample was collected by venipuncture. For complete blood count, blood was collected in ethylenediaminetetraacetic acid coated vacutainers. Serum was obtained by centrifuging the blood at 3000 rpm for 10 min after clot formation. Serum was then stored at −80°C. Blood was collected into iron free tubes for iron studies. hsCRP is measured by CRP ultra EIA kit manufactured by Xema co, Ltd., Moscow, Russia. C-reactive protein was estimated quantitatively using solid phase ultrasensitive enzyme immunoassay. This test is based on two-site sandwich enzyme immunoassay principle. The expected upper limit of hsCRP using the provided kit in healthy individuals is 5.0 mg/L. 
Results
Mean age of patients enrolled was 42.21 ± 14.7 years out of which 51% (n = 51) were males. About 72% (n = 72) patients in our study were hypertensives and 22% (n = 22) were diabetic. All the patients in our study were on oral iron therapy and were EPO free. Mean Hb concentration of our study population was 7.99 ± 1.42 g/dl. Normocytic normochromic anemia (63%, n = 63) followed by a microcytic hypochromic anemia (22%, n = 22) were the common types. Median serum hepcidin levels were significantly high in patients 60 (IQR 25-80) ng/ml as compared to age-and sex-matched healthy adults 19 (IQR [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] ) ng/ml in controls (P < 0.05).
Majority of patients in our study had undetermined etiology (42%, n = 42). In the patients with identified cause, diabetic nephropathy was most common (22%, n = 22), followed by chronic glomerulonephritis (18%, n = 18), hypertensive kidney disease (12%, n = 12), and polycystic kidney disease (6%, n = 6). Causes were determined based on clinical and biochemical parameters and not based on renal biopsy.
The stage-wise clinical and laboratory profile of patients in the study are as per Table 1 . About 20% (n = 20), 39% (n = 39), and 41% (n = 49) of the study population belonged to stage-3, stage-4, and stage-5 CKD, respectively. Hb level decreased, and serum hepcidin level increased significantly as CKD progressed through stage 3-5 (P trend = 0.00000, 0.01511, respectively).
Predictors of log-normalized serum hepcidin-25 level
Factors determining hepcidin 25 were studied using univariate and multivariate regression analysis. The univariate model (not shown) showed log normalized hepcidin positively correlated with log normalized ferritin (r = 0.6712, P < 0.0001) and percentage TSAT (r = 0.224, P = 0.0249) and negatively with log normalized serum EPO levels (r = −0.208, P = 0.0377), whereas it did not correlate with either eGFR or hsCRP.
On applying multiple regression analysis [ Table 2 ], the positive correlation between hepcidin and ferritin as well as hepcidin and TSAT persisted in the multivariate model. Multiple regression analysis also showed a significant negative correlation between hepcidin and EPO as demonstrated by univariate model.
Predictors of hemoglobin in study population
Univariate analysis showed that Hb was negatively and significantly associated with log normalized ferritin (r = −0.3694, P = 0.0002) and log normalized hepcidin (r = −0.4764, P < 0.0001) and positively and significantly associated with eGFR (r = 0.553, P < 0.0001). However, multiple regression analysis [ Table 3 ] showed that Hb was only significantly associated with log eGFR and not with hepcidin or ferritin as suggested in univariate model.
Effect of iron status on hepcidin level and association of hepcidin with hemoglobin in the study population
To define the iron status in the study population, patients were divided into categories based on % TSAT (%TSAT) and ferritin together as follows: Absolute iron deficiency, Functional iron deficiency, and Normal iron status. Cutoff value for %TSAT and Ferritin were 20% and 40 ng/ml, respectively, and was based on a recent study by Mercadal et al. [14] Normal iron status, Functional iron deficiency, and Absolute iron deficiency were defined as %TSAT ≥20 and Ferritin ≥40, %TSAT <20 and Ferritin ≥40, and %TSAT <20 and Ferritin <40, respectively. Serum hepcidin levels were significantly higher in patients with normal iron status followed by functional iron deficiency as compared to absolute iron deficiency (70 vs. 45 vs. 17.5, P = 0.0039) [ Table 4 ]. Serum hepcidin was downregulated in patients with absolute iron deficiency. Furthermore, in our study, iron status modified association between hepcidin and Hb [ Table 5 ]. There was significant negative correlation between hepcidin and Hb in patients with normal iron status (r = −0.7452, P < 0.0001) and near positive correlation in patients with absolute iron deficiency (r = 0.9428, P = 0.0572). Almost similar association persisted when cutoff value for serum ferritin was raised to 100 ng/ml as per NKF/KDOQI 2006 [17] clinical practice guidelines for starting iron therapy in nondialysis CKD patients except that no correlation was found in the absolute iron deficiency category [ Tables 6 and 7 ]. The serum hepcidin levels were significantly higher in patients with normal iron status followed by functional iron deficiency as compared to absolute iron deficiency (79 vs. 60 vs. 23, P < 0.0001). Furthermore, significant negative correlation was observed between hepcidin and Hb in patients with sufficient iron store (P < 0.0001).
We also determined cutoff value for hepcidin to differentiate between absolute iron deficiency from other types of iron status in our study population. Taking serum ferritin <40 ng/ml as gold standard for absolute iron deficiency, we constructed receiver operating characteristic (ROC) curve and calculated area under curve (AUC). Cutoff value for serum hepcidin was ≤34 ng/ml (AUC = 0.836, P < 0.0001). Nondialysis CKD patients with serum hepcidin >34 ng/ml have very low probability of having absolute iron deficiency [ Figure 1 ].
Discussion
Differentiating EPO hypo-or unresponsiveness due to iron-restricted erythropoiesis resulting from inflammation from absolute iron deficiency is one of the major concerns in the management of anemia in CKD patients. Hepcidin, an acute phase reactant is currently thought to be the major regulator of iron homeostasis, and according to several recent studies have the potential to provide information beyond iron profile. In our study, we assessed the role of serum hepcidin in anemia of CKD. Furthermore, we tried to find out whether iron status of the patient modifies the association between hepcidin and Hb. Median serum hepcidin level was significantly higher in patients as compared to age-and sex-matched healthy adults in controls. Hepcidin levels followed an increasing trend through stages 3-5 which was significant.
On multivariate analysis, no association was found between serum hepcidin-25 level and eGFR. Our observation is similar to two earlier studied. [7, 18] However, several earlier studies have also demonstrated association between hepcidin and GFR. [14, 19, 20] These contradictory results could be due to difference in methods used to assay hepcidin. Hepcidin measurement is based on either mass-spectrometry or antibody-mediated hepcidin detection. Competitive radioimmunoassays and ELISA tests have been developed for antibody-based methods. It is reported that hepcidin level measured by various methods vary considerably [21] and that immunochemical assays lack the sensitivity to distinguish hepcidin-25 from hepcidin-20 and -22. [22] Furthermore, difference in sample size and inherent difference in study population might have contributed to the difference. Furthermore, hepcidin correlated positively with ferritin and %TSAT and negatively with EPO level in our study population. Positive correlation of hepcidin and ferritin has been shown by previous other studies. [7, 14, 18, 19] The positive correlation between hepcidin and TSAT and negative correlation between hepcidin and EPO in our study is in accordance with the study by Mercadal et al. [14] In our study, only eGFR was found to be a significant predictor of Hb level. Hb level decreased as CKD progressed through stage 3-5. No association was found between Hb and hepcidin as well as Hb and ferritin. Two earlier studies [18, 20] also did not found any association between hepcidin and Hb. However, in a recent study by Uehata et al., [7] there was a negative correlation between Hb and hepcidin and log-normalized hepcidin was a significant predictor of Hb concentration in the study population. These conflicting results may be attributed to difference in iron status of the population studied, difference in inflammatory state or sample size.
On the basis of serum ferritin and %TSAT patients in the study population were divided into different groups, i.e., normal iron status, functional iron deficiency, and absolute iron deficiency. Cutoff values for %TSAT and ferritin were based on a recent study conducted by Mercadal et al. [14] Two indices were used to divide study population into various iron status categories as described earlier. We found that median hepcidin levels were significantly higher in patients with normal iron status, followed by relative iron deficiency as compared to absolute iron deficiency. This finding was in accordance with study conducted by Mercadal et al. [14] showing that hepcidin was raised in patients with anemia in CKD with normal iron status and functional iron deficiency but was downregulated in patients with absolute iron deficiency. Furthermore, in our study, relation between hepcidin and Hb varied according to iron status. There was a significant negative correlation between hepcidin and Hb in patients with normal iron status and near positive correlation in patients with absolute iron deficiency. Only 4% patients in the study population had absolute iron deficiency, and this may be responsible for lack of absolute significance in this category. Above association almost persisted when cutoff value for serum ferritin was raised to 100 ng/ml except that there was no correlation between hepcidin and Hb in absolute iron deficiency group. Our findings are quite similar to the study conducted by Mercadal et al. [14] who showed that in absolute iron deficiency group Hb decreased with hepcidin. On the contrary, in patients with functional iron deficiency, anemia is related to increased hepcidin level. In this study, using ferritin instead of combined iron marker produced similar results for the relation between hepcidin and Hb. Furthermore, in another study by Ueheta et al., [7] hepcidin was negatively correlated with Hb in high ferritin (≥91 ng/ml) group indicating that ferritin modifies association between hepcidin and Hb. Reason for negative association between hepcidin and Hb in patients with sufficient iron store is multifactorial. Raised hepcidin level inhibits iron absorption from gut and iron recycling from macrophages leading to limited iron availability for erythropoiesis. As erythropoiesis is suppressed in CKD due to decreased EPO level, hepcidin production is also not suppressed. Furthermore, as CKD is currently is being considered as an inflammatory state per se, leads to upregulation of hepcidin. However, no apparent correlation was found in our study between inflammatory marker hsCRP and hepcidin possibly due to exclusion of patients with active infection in this study. Furthermore, in the study by Ueheta et al., [7] no apparent correlation was observed between hepcidin and inflammatory markers.
Although we have estimated cutoff value for hepcidin in our study population to differentiate absolute iron deficiency from other categories, it may have limitation due to diurnal variation and high intrapatient coefficient of variation for hepcidin. [23] However, our study has potential limitations due to its cross-sectional design, small sample size, and hepcidin measurement method.
Conclusion
Our study highlights that median hepcidin value is elevated in nondialysis CKD patients as compared to healthy adults possibly due to increased inflammation and decreased clearance of hepcidin. Furthermore, iron status modifies serum hepcidin level and its association with Hb. Increased hepcidin level leads to iron-restricted erythropoiesis and recombinant human EPO (rhEPO) resistance by inhibiting iron absorption from gut and iron recycling from macrophages. Hence, elevated hepcidin can predict need for parenteral iron to overcome hepcidin-mediated iron-restricted erythropoiesis and need for relatively higher rhEPO doses to suppress hepcidin. However, deciding cutoff value for hepcidin from single estimation to differentiate between absolute iron deficiency and functional iron deficiency is a major issue due to diurnal variation and high intrapatient coefficient of variation for hepcidin. As hepcidin is also a potential target for future therapy in management of anemia of CKD unresponsive or hyporesponsive to ESAs further longitudinal studies involving a large number of CKD patients are needed to solve these issues.
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